Purpose: The aim of the study was to investigate whether execution of wire localization and excision by the same operator can improve accuracy and excision time in local excision biopsy of mammographic microcalcifications. Methods: Medical records of patients who underwent diagnostic excision biopsy for mammographic microcalcification between May 2011 and December 2014 were reviewed. Forty-three localized excision biopsies were performed in 41 patients during this period. We compared operation time, specimen size for the target cluster size, and re-excision rate in patients in whom wire localization and excision were performed by the same operator, with those in whom wire localization and excision were performed by a radiologist and operator, respectively. Results: The median operation time of the group that underwent wire localization performed by the operator was 64 minutes, compared to 79 minutes in the group that underwent wire localization performed by a radiologist. However, this was not a statistically significant difference (p= 0.111). The median detection time (the time between start of incision and verification for the final specimen mammography) was 42 minutes in the former group, which was significantly shorter in univariate (p= 0.044) and multivariate (p= 0.018) analyses than the 59 minutes for the latter group. There was no significant difference between the two groups in specimen size for the target cluster size, or in re-excision rates. Conclusion: Execution of wire localization by the operator, instead of a radiologist, may contribute to shorter operation times, without increasing extent of resection or re-excision rate in local excision biopsy for mammographic microcalcification.
INTRODUCTION
Mammographic microcalcification is a typical abnormal finding in cases of breast cancer, detected by mammography. Depending on the nature of the finding, a biopsy may be required for confirmation of pathology. In particular, for some intraductal breast carcinomas, suspicious mammographic microcalcification may be the only abnormal finding present, without any palpable lesions or corresponding sonographic abnormalities [1] [2] [3] .
In these cases, traditionally the lesion would be localized and excised by mammography-guided wire insertion. Recently, with advances in vacuum-assisted biopsy devices, different stereotactic biopsy methods are also being used to assess mammographic microcalcifications.
Under Korea's National Insurance themes, the aforementioned stereotactic biopsy methods cost two to three times more than wire localization excision. For thin women with small breasts, using or accessing stereotactic biopsy devices can be challenging [4, 5] . Therefore, wire localization excision biopsy may be preferred for confirmation of pathology in case of indeterminate mammographic microcalcifications.
A radiologist usually performs wire localization guided by mammography, and a surgeon then determines the target area of microcalcification by looking at a selection of mammographic images of wire localization procedure. However, finding a target microcalcification and performing an accurate excision can be challenging after reviewing only a few images of wire localization performed by others. An additional resection may be required, or more than one excision may be necessary because the target microcalcification is not included in the mammography images.
In particular, if wire localization is not performed precisely, a surgeon faces the even more challenging task of establishing the exact location of the microcalcification [6] .
In our institution, there are instances when a radiologist performs the wire localization of mammographic microcalcification, and a surgeon subsequently performs the operation. Alternatively, one operator ORIGINAL ARTICLE may perform both the wire localization and the operation. Therefore, we investigated the effects of a single operator performing both wire localization and surgery for microcalcifications, on operation duration and accuracy.
METHODS
Patients who underwent diagnostic excision biopsies between May 2011 and December 2014, due to indeterminate microcalcifications reported by mammography, were included in the study. Forty-three localized excision biopsies were conducted in 41 patients. Stereotactic biopsies that used vacuum-assisted systems were excluded. All patients were required to provide written informed consent. 
RESULTS

Basic patient information and operation information
Out of 41 patients who underwent diagnostic localized excision biopsy for mammographic microcalcification, two patients had localized excisions performed for microcalcifications in both breasts, making the total count of localized excisions 43. A further two patients underwent localized excision on one breast and breast cancer operation on the contralateral breast. Excised specimens were examined for the presence or absence of microcalcifications using postoperative specimen mammography. As a result, additional resection was performed in 12 cases (27.9%).
With the exception of two patients, whose operation duration Comparisons between radiologist-conducted and operator-conducted wire localization group
In the operator-conducted wire localization group, the median operation time was 64 minutes (35-155). In the group where a radiologist conducted wire-localization of lesions, which were then excised by a surgeon, median operation time was 79 minutes (30-145). However, the difference in duration was not statistically significant (p = 0.111).
Detection time, the duration from start of incision to confirmation using final specimen mammography, was 42 minutes ( There was no difference in estimated breast volume or target cluster size between the two groups, depending on wire localization conductor. However, taking into account the above result that operator conducted localization detection time could be affected by these two variables, multivariate analysis was conducted using linear regression models. Operator conducting localization was the only variable that significantly reduced detection time (p = 0.018), while large cluster size or large breast volume did not significantly affect detection time (Table 3) . 
DISCUSSION
In most cases, a radiologist performs the localization procedure for indeterminate microcalcification. A surgeon then reviews mammogram images documenting the localization procedure, before deciding upon excision location. However, determining the position of the localization wire (inserted by someone else) and targeting the microcalcification can be challenging, and surgeons find it particularly difficult to operate if the wire is placed slightly off from the target microcalcification [6] .
The authors of the present study expected that excisions could be more accurate and prompt if operators themselves conducted wire localizations prior to surgery, because they would be more aware of where the wires were inserted. Although in general, surgeons are not overly familiar with mammography-guided wire localization, it is a relatively simple procedure. If surgeons team up with well-trained radiological technicians, the challenges diminish.
In the present study, the median operation duration was 64 minutes when the wire localization was performed by the operator and 79 minutes when it was performed by a radiologist, with no significant difference between the two groups (p = 0.111). We hypothesized that breast size or breast parenchyma properties, could affect operation duration, in terms of conducting parenchyma approximation and skin closure, after completion of excision. Therefore, a new variable, "detection time" was investigated and compared between the two groups. This describes the time taken from skin incision to final specimen mammography (a point when operators ensure that the excised specimen includes the target cluster of microcalcifications). The results were then compared again. Detection time was significantly shorter when an operator conducted wire localization (Table 1) .
From the surgeon's perspective, if a localized excision is performed on the same target microcalcification, a bigger excision for a bigger specimen exposes target tissue more easily and quickly. Although unnecessary surrounding tissue may be included, this may negate the need for an additional resection due to the exclusion of target microcalcifications [8] . In the present study, depending on the conductor of wire localization, median excised specimen volume was 33 cm 3 and 23 cm 3 , specimen volume/cluster size was 19 cm 3 /cm and 15 cm 3 /cm, both of which were not significantly different. Thus, we conclude that differences in operation times and detection times were not due to rough excisions performed on either group. There was also no significant difference in additional resection rate between the two groups ( Table 2 ).
Another merit of operator-conducted wire localization is that, although we cannot show it in quantifiable terms, the incision direction or locations, and wire insertion direction or intraparenchymal wire lengths, can be adjusted to the surgeons' preference, taking into consideration the possibility of a second operation. This is just as important as providing the operator with location information for the microcalcification.
The main limitation of this study is that due to its small data pool, it does not hold statistical power. Additionally, differences in anesthetic method, need for combined operations, and individual competence in wire localization procedure, may have affected our result. However, the significant differences illustrated by variable "detection times" introduced by the authors to offset inherent data limitations, merits the benefit of operators conducting wire localization. With increased numbers of procedures conducted and resultant enhanced skills for wire localization procedures, the results that the authors desire are expected to be demonstrable. A well-designed prospective study that controls patient/operation factors and operators' ability to perform wire localization is required to clarify the benefits of operator's conductance of this procedure.
In conclusion, operator conducted wire localization for indeterminate microcalcification excision may contribute to reduction of operation times without increasing the extent of excision, or increasing the risk of additional excisions, by providing an understanding of target microcalcifications and wire location prior to operation. There may also be additional benefits from choosing the direction of wire insertion. 
